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This is the Third Annual Progress Report under the contract awarded by the 

Office of Naval Research to the San Diego State University Foundation under ARPA 

Order No. 1595 dated March 6, 1970. The goal of this research program is to 

determine the relevance of physiological processes and internal states for DoD. 

Under the terms of this contract, subcontracts have been let to 13 universities 

and research institutes to support specific research projects which are investi- 

gating various approaches for self-regulation of physiological processes and the 

relation of chese self-regulated activities to performance. The subcontractors 

are listed in Appendix 1. 

This progress report includes data from the formal written progress reports 

by each of the subcontractors, material presented during the Third Annual ARPA 

Self-Regulation Symposium, and the discussions of the ARPA Review Panel following 

the Symposium. 

Overview 

During the past year, each of the subcontractors devoted their primary 

research efforts toward determining the relation of self-regulated EEG and auto- 

nomic activity to performance. The specific research effortr will be listed below 

under the research areas used in previous reports; i.e., Bnin Activity, Somatic 

Activity, Autoregulation of Vasomotor Tone, Cardiovascular studies, Auto-Control 

of Pain, and Sleep Induction. 

Based upon the written and verbal reports, the panel recommended that the 

major work concerned with brain activity be limited to control of th^ca activity, 

particularly the relationship of suppression of theta activity to performance. 

The resulvs by Jim O'Hpnlon, Human Factors Reserrch, and Jack Beatty, UCLA, have 

indicated -.hat suppression of theta activity may be an effective technique for 

maintaining performance on a vigilance task. Enhancement of alpha activity or 

beta activity did not prevent the usual decrements during a vigilance task. Aug- 

mentation of theta activity was associated with a significant decrease in perform- 

ance . 
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Joe Kamiya will be given a terminal year to complete the work in left-right 

hemisphere control, and Martin Ome will be given a terminal year to finish his 

woik on the relationship of alpha activity to anxiety. The basic work by Jan 

Berkhout and Don Walter, UCLA, and Gary Galbraith, USC, in the area of coherence 

and the self-regulation of coherent brain patterns has been completed and the data 

do not indicate that further work in this area should continue within the goals of 

the ARPA Self-Regulation Program. Though Drs. Kamiya, Orne, Berkhout, Walter, and 

Galbraith have each reported positive results of varying degree with respect to 

self-regulation of EEG activity, they have failed to demonstrate any clearly sig- 

nificant relationship between self-regulation of brain activity and behavior. 

Dr. Taub has successfully demonstrated the utility of self-regulation of sk'n 

temperature and the findings of his laboratory will be used as the basis for a 

program of research of rkin temperature control to be undertaken by the Army 

Research Institute of Environmental Medicine. Dr. Taub will continue in the pro- 

gram for another year, giving particular attention to the use of self-regulation 

of skin temperature as an aid in the reduction of post-traumatic edema. 

While there were questions raised by the panel as to the magnitude of the 

changes ir heart rate reported and as to the significance of the relationship 

between heart rate and performance, the panel recommended that work in the rela- 

tionship of heart rate to performance should be supported for one more year. 

Highest performance on a vigilance task was found to be associated with self- 

regulated increases in heart rate, with the lowest performance being associated 

with self-regulated lowering of heart rate. 

With respect to self-regulation of pain, the panel fel'c that Dr. Melzack's 

work should be continued for another year with particular attention being given to 

the relative importance of hypnotic suggestions and alpha to the reduction of pain 

intensity. The data reported by Dr. Melzack concerning the role of alpha was felt 

by the panel to be questionable at this time. 
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The relation of somatic activity (i.e., muscle feedback) to performance has 

been generally insignificant. The work being done by Drs, Stoyva and BudzynsKi, 

however, has clearly indicated that muscle activity, particularly coupled with 

theta activity, can produce lowered levels of arousal and perhaps help in main- 

taining a reduced level of muscle tension during prolonged activity such as long 

aircraft flights. In this connection, the Air Force Academy has indicated an 

interest in a collaborative research program with Drs. Stoyva and Budzynski. Also, 

the research staff at the Navy Medical Neuropsychiatric Research Unit will, in a 

modified field testing program, attempt to replicate the sleep-induction techniques 

worked out by Drs. Ptoyva and Budzynski. Self-regulated brief sleep periods, less 

than one hour, will be used by the Navy Research group to see if effective perform- 

ance can be maintained during 40 hours of nearly continuous duty. 

The coupling of the more basic research-oriented investigators from the uni- 

versities with performance-oriented laboratories appear! to be an effective and 

efficient way of demonstrating the relation of self-Regulated activity to relevant 

performance tasks. During the next year, the collaboration between the university 

subcontractors and performance laboratories will be increased. In addition to the 

collaborative study between Jack Beatty at UCLA and Jim O'Hanlon at Human Factors 

Research, a collaborative research program will be established between Gary 

Schwartz of Harvard and Dr. Ben Morgan or the Performance Research Laboratory, 

University of Louisville; between Drs. Stoyva and Bvdzynski of the University of 

Colorado with Majors Chason and Tebbs of the Air Force Academy (with Major Chason 

serving as primary investigator); and, if a financially feasible research program 

can bo proposed, Drs. Harris and Stephens at Johns Hopkins may provide trained 

subjects for Mr. Robert W. Smith, American Institutes for Research. 

The increased attention to performance tasks and the relation of self-regula- 

tion to these tasks were due, in part, to the active consultations of Dr. Earl 

Alluisi with the subcontractors during the past year. Dr. Alluisi will continue 
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to provide consultations to the subcontractors and to ARPA during the next year. 

The work being done by Dr. Leo DiCara, University of Michigan, and Dr. Wilse 

Webb, University of Florida, will not be refunded. The basic and exploratory 

studies outlined in their ori^i^al proposals have been completed and the results 

did not indicate that further support is desirable within the limited goals and 

time period of the \RPA Self-Regulation Prograi.-. 

The remainder of this report will cover the work done by the individual sub- 

contractors during the p«e* year. 

BRAIN ACTIVITY 

The work in this area will cover the reports by Dr. Martin Ome, University 

of Pennsylvania; Dr. Jackson Beatty, University of California, LOS Angeles; 

Dr. James O'Hanlon, Human Factors Research, Santa Barbara; Dr. Joe Kamiya, Langley 

Porter Neuropsychiatric Institute; Dr. Gary Galbraith University of Southern 

California; and Drs. Jan BerVnout and Donald Walter, University of California, Los 

Angeles. 

Martin Ome- The work done by Dr. Ome in close collaboration with Dr. David 

Paskewitz has been concerned with the potential effectiveness --. deregulation of 

alpha activity as a technique to increase performance under stress. In his early 

reports, Dr. Ome has presented data to support his formulation that the conse- 

quence of alpha feedback craining is different depending upon the mechanism(s) 

which initially served to depress alpha density. In the study completed during 

the past year, they sought to design an experimental model which would cause sub- 

jects to become anxious after initial baseline values were obtained. Then during 

the second and third sessions of the study, the subjects would have the opportu- 

nity of leaming to augment alpha with anxiety serving as the mechanism which 

should depress alpha activity. According to the hypothesis, anxiety or apprehen- 

sion would serve to decrease alpha density. 

In this study, at the conclusion of the baseline training sessions, subjects 
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who had at least 25% alpha were asked whether they would be willing to return for 

a continuation experiment which vauld involve harmless but quite painful electric 

shock.  It was the intent of the study to create a situation where subjects would 

be moderately anxious for the succeeding sessions. Dr. Orne felt the manipulation 

was more effective than he had intended, for only between 20 and 25% of the sub- 

jects agreed to return for the shock part of the study. On Day 2, the subjects 

were given the foUowing instructions: "Now for the next several trials your task 

will be the same as it has been, that is, to keep the high tone on. During some 

of the time when the tones are on, however, there will also be a third tone 

present. Whenever this thivd tone if present, you are in danger of being shocked 

through the electrodes attached to your leg. The shocks will randomly vary in 

intensity, and some will be quite painful, but the number of shocks you receive 

will depend on you. The third tone I was talking about occurs only when the low 

tone, that is the nonalpha tone, is on.    It is also the case that the shock can 

occur only when this third tone is or. Furthermore, the probability of a shock is 

a function of the amovmt of this third tone since the last shock. Clearly, then, 

the more you keep the high alpha tone on, the less likely you are to receive a 

shock. Are ther3 any questions?" 

The subjects did not receive more than two shocks bearing in intensity from 

1/2 to 3 milliamperes during each of the 5-minute trial periods while the jeopardy 

tone was on. After the trial, the subjects were debriefed and all subjects 

returned for a third experimental session which was identical to the second. 

The results of the aeart rtte data and the skin resistance data showed clear 

autonomic changes indicative of an Increase in anxiety during the shock jeopardy 

trials of Days 2 and S. Of surprise to Dr. Orne and his staf* was the absence of 

any significant decrease in alpha density during Day 2 and Day 3. There was no 

significant drop in alpha density during Dayr, 2 and 3 baseline nor was there a 

significant augmentation of alpha during the feedback period. Indeed, some of the 
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subjects showed a decrease in alpha density during the feedback period, probably 

as a function of drowsiness in the dark, comfortable room. There was also no sig- 

nificant decrease in alpha density during Day 3. 

On the basis of their findings. Dr. Ome felt that it seemed clear that under 

some circumstances an increase in the subject's level of anxiety may not be 

reflected in a drop in alpha density. While there was no significant drop in 

alpha density, there was a highly significant increase in heart rate and a margin- 

ally significant increase in the number of nonspecific electrodermal responses 

providing strong support for the uniform assertion of all of their subjects that 

they had fevt anxious and fearful at the beginning of the second day. 

In an effort to explain their failure to find a clear-cut relationship 

between alpha density and changes in subjects' anxiety. Dr. Ome divided the alpha 

group into learners and non-learners. Five subjects were found to have learned to 

Increase their alpha density during the training periods, and five individuals 

showed no alpha density learning curves. When these two groups were compared, 

there were suggestive data to indicate that the suojects who showed no alpha learn- 

ing curve also showed no decrement in alpha density between Day 1, Day 2, and Day 

3. The subjects who learned to augment their alpha showed a significant reduction 

in alpha density. The learners also showed a significant reduction in alpha den- 

sity during the initial periods in which they were in jeopardy of being shocked. 

Those subjects wno did not learn to increase their alpha showed an increase in 

heart rate during the shock trials while those subjects who learned to augment 

their alpha did not show a significant increase in heart rate over the trials. 

The pattern which tentatively emerges between the learners and non-learners sug- 

gests that those individuals who on Day 1 showed evidence for volitional control 

of alpha density respond differently during the shock jeopardy trials on Day 2. 

While the alpha densities of the non-learners seem almost totally unaffected by 

the shock manipulation, the alpha density of learners seemed relatively responsive 
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to the shock manipulation. The learners appeared to also be able to recover con- 

siderably more quickly when exposed to the shock as though they were able tu gain 

control of their general physiological arousal levels more rapidly. The result of 

this effective recovery was seen both in the lower heart rate and in the fewer 

number of nonspecific skin conductance responses. 

During the next year. Dr. üme would like to concentrate on further examining 

the differences between subjects who are able to learn to control their alpha 

activity and those unable to do so. The question remains whether the difference 

between the learner and non-learner is a function of personality or a reflection 

of differential learning skills. 

Performance Study: To investigate the effect of alpha regulation on perform- 

ance. Dr. Ome used a task that involved initially the generation of random 

numbers, then the generation of random numbers while tracking a moving target 

using the two-hand coordinator, and finally performing both tasks in the presence 

of a loud noise. Motivated individuals were asked to perform the tracking task on 

and in combination with the random number procedure and finally with the addition 

of the auditory stress. They weie then asked to enter the alpha feedback training 

situation and immediately after the feedback sessions they were again asked to do 

the performance task outside the alpha situation. The goal of the study was to 

determine the effects of alpha feedback training on the ability of individuals to 

function under stress. 

Six college-age males volunteered to participate in the study. This session, 

including the alpha feedback period, lasted a total of 2-1/2 hours. The perform- 

ance data consisted of measures of tracking efficiency in terms of seconds on 

target per 2-minute trial. Dr. Ome has developed, from previous work, a measure 

of randomness which was used as the criterion score for the random number genera- 

tion task. The data from all the effects of noise and stress on performance and 

the combination of the two tasks together were consistent with previous findings 
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in their laboratory, but the effects of alpha training on subsequent performance 

and on alpha enhancement during performance resulted in no significant increase in 

any of the measures obtained. These data failed to provide evidence that alpha 

training improves subjects' ability either on the tracking task or on the simulta- 

neous randcnmization task in the face of stress. Interestingly, the generating of 

the random numbers had no effect on maintaining alpha density. Dr. Ome found 

this finding somewhat surprising, in  view of his previous results showing that 

whrn subjects were asked to count backwards by sevens there was a significant 

rease in alpha density. 

Jackson Beatty, LTLA, 5 James O'Hanlon, Human Factors Research. Since these 

two investigators have been collaborating during the past year, the results of 

their work will be presented together. The principal goal for the work by these 

two investigators has been an assessment of the effects of various types of EEG 

autoregulation on performance on a simulated radar task.  In a pilot study, it was 

found that subjects were able to maintain alpha (8-12 Hz), beta (14-30 Hz), or 

theta (4-7 Hz) EEG patterns while simultaneously performing the 2-hour simulated 

radar task. The most interesting finding during this early pilot study was that 

the suppression of theta activity had a beneficial effect upon the subjects' vigi- 

lance performance. The two pilot subjects' efficiency remained at a maximum level 

during the watch when they suppressed theta. On the other hand, neither alpha nor 

beta augmentation had any soparent effect on target detection performance. Based 

upon these findings, an effort was made to determine whether subjects could be 

taught to suppress occipital theta activity. Sixteen naive male subjects were 

drawn from the introductory psychology subject pool at UCLA, and training proce- 

dures similar to those previously used for alpha were used for theta training. 

It was found that subjects could learn to either augment or suppress their theta 

activity by self-regulation techniques. Based upon the results of their pilot 

study and the demonstration that subjects could be taight to self-regulate theta I 



activity, a second «tudy was undertaken to confirm the effects of theta activity 

suppression on the simulated radar monitoring performance of normal subjects. 

From the 30 individuals initially screened, two groups of 7 subjects each were 

selected on the basis of radar monitoring performance. One group was trained to 

augment, and the other to suppress theta frequency activity.  Each group then 

undertook the EEG regulated monitoring and EEG unregulated monitoring sessions in 

a partially counterbalanced manner.  In the former, both groups performed the 

radar tasks while autoregulating EEG with appropriate EEG feedback. In the latter, 

they performed the task without feedback. Work has progressed to the point where 

most of the data have been collected and preliminaiy data analysis has begun. 

While the data concerning the effectiveness of theta suppression are sugges- 

tive, the performance data indicate that those subjects who were told to suppress 

theta activity required significantly fewer sweeps to detect the target on the 

radar screen. The theta augment group showed a clear increase in the number of 

sweeps to detect the target. Drs. Beatty and O'HanTon feel that these preliminary 

results appear to have several practical and theoretical implications. Of practi- 

cal interest was the consistency and the magnitude of the theta suppression effect 

on radar monitoring performance.  Five of the six subjects performed in a superior 

manner while suppressing theta frequency activity with respect to their perform- 

ance without EEG autoregulation. 

In their original working hypothesis, Drs. Beatty and O'Hanlon implied that a 

relatively high degree of theta activity would be associated with poor vigilance. 

It now appears, on the basis of their initial data, that the converse is also true. 

They would like to expand their hypothesis now to read as follows: "Any procedure 

which leads to either the suppression or the augmentation of EEG theta activity 

will affect the performance of individuals performing monotonous work. Theta sup- 

pression will improve vigilance-depende-it performance; theta augmentation will 

degrade it." The two investigators will continue their collaborative and 
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independent studies with the training and control of theta activity ari the rela- 

tion of theta activity to performance. The primary goals of next year's research 

are to provide procedures and a prototype device for utilizing the technique of 

theta frequency suppression as a general aid for performance in practical monoto- 

nous tasks. 

Joe Kamiya.  In the past year. Dr. Kamiya, in collaboration wich Dr. Jinmv 

Scott, has continued his computer control studies concerned with the relationship 

of brain activities to performance efficiency. Of particular interest has been 

the development of computer software and performance tasks to investigate the 

relationship of feedback training to enhance performance in either the left cr 

right hemisphere. During the next year, primary emphasis will be placed on the 

extension of work involving fluctuations in the lateral dominance of EEG synchro- 

nization during tas.'; performance. The objectives will be as follows:  (1) To 

determine the temporal covariation between selective EEG parameters, particularly 

those indicative of differential hemispheric involvement in tasks known or expected 

to be predominantly mediated by verbal symbolic processes on the one hand, or by 

special visual processes or the other; (2) To use feedback training to increase 

the probability of occurrence of those EEG parameters found to be predictive of 

superior task nerformance; and (3" To determine the degree to which task perform- 

ance is influenced by the EEG feedback training. The specific procedures to be 

followed will include the following: Performance tasks involving differentiation 

of hemispheric functions. Left hemisphere tasks will include those dominant for 

verbal analytic and sequential cognitive functioning. The right hemisphere tasks 

will include special visual tasks such as a mirror tracking task, tracking a 

moving oscilloscope target and recognition of faces. EEG analysis will include 

activity from the left central vs. the left parietal, and right central vs. the 

right parietal locations. On-line computation of the left-right dominance of 

alpha activity will be used during the task performance as well as during rest and 

L-1— 
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control conditions. The feedback training and analog signal will indicate the 

ratio between activity in the left hemisphere relative to the central region, and 

the *ight hemisphere relative to the central region. This signal can be either a 

continuous AM or FM audio signal, or a discrete binary signal controlled by shifts 

in the index above and below an arbitrary criterion. Two methods of feedback 

training will be used. First, the subject will be trained in sessions outside of 

task performance situations to control tbe left-right index, and the effect of 

such training will then be assessed in the task performance. Second, the subject 

will be given the feedback signal during the task performance. The first will 

permit the subject to sustain a state of heightened lateral activation preparatory 

to task performance. The second will permit the subject to monitor any momentary 

changes in lateral activation that may predict when an error in performance is 

about to occur, and thus encourage attempts to make whatever corrective central 

state changes that may be possible for the prevention or reduction of the errors. 

The performance task, their interfacing to the computer, and the programming of 

the computer for this project have been completed during the past year, and data 

gathering is currently in progress. 

Based upon preliminary work so far. Dr. Kamiya feels the following tentative 

hypotheses are warranted:  (1) Lateral changes in EEG alpha amplitude are associ- 

ated with task performances known to involve hemispheric specialization. The 

lateral shifts are subject to voluntary control through feedback training. 

(2) Errors of performance on tasks requiring hemispheric specializations are, to 

some degree, associated with momentary shifts and lateralization of EEG alpha 

amplitude.  In at least some subjects, there may be some regularity in the fluctua- 

tions of the left-right index, particularly in resting basal conditions. The 

nature of these fluctuations and any changes associated with the presentation of 

the performance task will be evaluated for their potential relevance to perform- 

ance improvement. 
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Gary Olbraith. Dr. Galbraith has continued biofeedback training of the FEG 

cross-spectral frequencies and weighted average coherence patterns to determine 

whether these two brain measures can be used as predictors of performance. Data 

collection has been divided between two experiments:  (1) On-line biofeedback of 

weighted-average coherence (C). and (2) EnG patterns during paired-associate learn- 

ing. The purpose of these experiments was to determine, first, whether subjects 

could exert some degree of voluntary control over complex LZKI  patterns; and second, 

whether these patterns might relate to performance in other situations. With 

respect to voluntary control of C, there i= evidence that about one-half of the 

subjects tested (N » 13) could e.cert control, albeit trans;, "-.ory. For a limited 

number of subjects, a fairly sustained degree of (T controls seems possible. Exper- 

iments still und-srway suggest that although subjects may have a difficult time 

controlling mean level of C, it may be possible to predict the moment-to-moment 

fluctuation in C. 

With regard to the usefulness of C as an index of performance during paired- 

associate verbal learning, the results are merely suggestive. However, the paired- 

associates tcsk represents only one of many possible tasks. It is entirely possi- 

ble, therefore, that more positive results might be obtained in other experimental 

situitions. 

While Dr. Galbraith believes that some cognitive awareness of covert events 

may be reflected in C, the usefulness of this ability remains doubtful as a tool 

for ARPA. N^ further support was requested by Dr. Galbraith. 

Jan Berkhout | Donald Walter. During the past year, Drs. Berkhout and Walter 

have analyzed a total of 72 distinct feedback sessions from 8 different subjects. 

Their coherence parameters were calculated with a narrow frequency band, 7-8, 

8-12, 13-15, and with a constant phase shift across the band being used. The 

response light of the feedback display was varied from session to session, and 

turned out to be a crucial factor in the type of effective volitional control that 
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could be obtained. Their responr lag was expressed as a time constant, being the 

time required for the displccy to shift from 0.0 to 1.0 coherence when an input 

fron two random gsnerators was replaced by an input to two channels split from a 

sirgle g'^nerat^r. 

With a display ti-ie constant of 2 seconds, they obtained pood coherence feed- 

back control of "global" occipital alpha with all subjects. This was highly 

correlated with the traditional measurements of alpha intensity w*  carved as a 

control for the overall functioning of the display plus subject feedback system. 

Parietal-vertex alpha coherence «*as not L.orielated with alpha intensity i-.i the 

parietal-vertex channels, and it proved iwipossible to control parietal vertex 

coherence even after the attenuation of alpha in response to the visual .isolay 

had been habit lated. 

Many of their sessions were devoted to controlling the 5-7 cycle activity 

coherence ii the left parietal-central x right-parietal-central (LP-Cz x RP-<..) 

derivation. Their subjects generally found It possible to lower this coherence 

value for variable periods but could not maintain, a persistent lowering ^ver  iong 

periods of time. It was not generally possible to raise coherence values even for 

a brief period. In view of the subjective strategies employed, Drs. Berkhout and 

Walter concluded that a subjective stress state adequate to produce the degree of 

autonomic activation associated with high theta coherence found in other studies 

was probably never achieved. 

Similar results were found for control of 13-15 cycle coherence calculated 

between the left parietal-occipital x right parietal-occipital (LP-0 x RP-0) deri- 

vations. Here, too, transient reductions of coherence could be induced by certain 

subjective strategies, but long-term shifts in coherence levels were not brought 

under volitional control. The differing subjective strategies used and the diffi- 

culties in maintaining long-term shifts in coherence Uu Dr». Berkhout and Walter 

to the tentative conclusion that environmental factors (i.e., eventr related to 
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tasks and stimuli) arc much more potent in determining coherence levels than 

internally-generated subjective efforts. To the extent the coherence patterns are 

correlated with performance quality, they believed that this indicated that a self- 

control model of performance enhancement was not likely to be effective and that 

the presence of a feedback display was not likely to make i* more so. 

These general observations were partially confirmed in their ur.,*?uccessful 

attempts to influence reaction time (response to light) by triggering the stimulus 

only when certain patterns of coherence were present. Spontaneous fluctuations in 

coherence did not have any apparent influence on reaction time in this context and 

they have not yet had the opportunity to perform the iinnensely complex experiment 

reqi'-red to control all of the possible effects and then to determine the net 

effect of such spontaneous fluctuations. However, they have had considerable suc- 

cess in specifying the relationship of 6 and 14 Hz coherence shifts, with perform- 

ance levels in cerxaii complex tasks. These calculations, however, were all done 

off-line and were not part of the feedback experiment. The fluctuations in coher- 

ence with behavior were quite striking, and Drs. Berkhout and Walter felt that 

these findings were worthy of being reported. These stimuli or performance-locked 

fluctuations in coherence were larger thin any spontaneous changes noted and 

exceeded the magnitude of coherence changes which could be produced by volitional 

controx with feedback available to subjects in an essentially passive condition. 

Thus, in summary, they are still of the opinion that coherence analysis is a most 

interesting tool for analyzing the central nervous substrates of performance and 

for evaluating the temporal and epochal constraints of operating on given tasks, 

but they conclude it is unlikely that enhancement of performance can be achieved 

by establishing volitional control of these coherence dimensions in a nonperform- 

ance environment. 

CARDIOVASCULAR ACTIVITY 

The work in this area is being done by Drs. Harris and Stephens at Johns 
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Hopkins University; Dr. Gary Schwartz at Harvard University; and Dr. Leo DiCara at 

the University of Michigan. 

Alan Harris and Joseph Stephens. The goals of the resrarch by this team have 

emphasized the assessment and evaluation of uotential performance enhancement pro- 

cedures involving autonomic self-regulation, Their work has been particularly 

oriented toward self-regulation of heart rate in man. In addition to ti i  v.ork 

with humans, the limits of self-regulation with respect to both organismic capabil- 

ities and tolerance level were studied in Ir.yoratory baboons to provide appropriate 

guidelines for human research on such critical questions as duration of mainte- 

nance, operational ranges, reversibility, and bi-directional control. During the 

past year, the work on testing with laboratory primates with respect to control of 

blood pressure has been completed and terminated. The results of this phase of 

the project have been reported in previous progress reports. With the completion 

of the primate studies, work with human subjects has been accelerated to evaluate 

the effects of heart rate autoregulation in counteracting stress-induced perfcrm- 

ance decrements under controlled laboratory conditions. 

The principal findings from the primate research may be summarized as follows: 

(1) Laboratory primates (baboons) provided with visual feedback of diastolic blood 

pressure levels can produce large magnitude, sustained elevation of systolic and 

diastolic blood pressure in a cardiovascular pattern which is characterized by 

initial increases in cardiac output and subsequent increases in total peripheral 

resistance.  (2) Baboons provided with visual feedback for heart rate levels can 

produce 100% increases in heart rate which are sustained for at least 12 hours per 

day. Progressively increasing blood pressure during these maintained heart rate 

elevations again indicates a cardiovascular pattern of increasing total peripheral 

resistance.  (3) Continued exposure to the above cardiovascular biofeedback-condi- 

tioning procedures may result in chronically elevated cardiovascular levels which 

persist for weeks and months even in the absence of the instrumental conditioning 

. _-_  



ii-.ii,aw,i|iwii«wi,wuu. »in n^.^.^...!..<>..,«.;., qMDpmppilUjlljpU» IM 

16 

procedure.  (4) Heart rate and blood pressure lowering procedures are minimally 

effective in producing subnormal cardiovascular levels, but may be effective in 

lowering stress-induced cardiovascular increases or in speeding adaptation to 

sudden and episodic environmentally elicited cardiovascular perturbations. 

The methods and procedures used with their human studies concerned with auto- 

nomic self-regulation and concurrent tasi interactions have been described in 

detail in previous progress reports. Briefly, all subjects are told at the begin- 

ning of the experimental program that the researchers are interested in lemming 

whether 01 rot people can control their heart rate voluntarily. Within each 

experimental session, the subjects are instructed to both raise and lower their 

heart rates with rest (baseline) intervals separating heart rate autoregulatory 

periods. Heart rate raising and lowering segments as well as rest intervals are 

each 10 minutes in duration with an additional 10-minute baseline condition taken 

at the beginning and end of each experimental session. Auditory and visual feed- 

back of heart rate is provided during the second session and thereafter throughout 

the experimental program. During selected intervals of heart rate raising, heart 

rate lowering, and rest conditions, subjects must perform a vigilance task which 

requires the identification of the letter "X" from among various letters presented 

at a two per second rate on a display in front of the subject. Correct identifi- 

cations are reported via a hand switch. Comparisons of performance scores in the 

presence and absence of heart rate autoregulatioi permi t the analysis of the inter- 

action between there two variables, while the degree of heart rate control with 

and without concurrent task performance determines the effects of task performance 

upon cardiac autoregulatory ability. 

Superimposed upon both the autoregulation of heart rate and the concurrent 

vigilance task performance are clicker-shock pairings which represent an additional 

stress factor in the environment. Each clicker presentation lascs for one minute 

and terminates with an electric shock applied to the subject's lower right leg. 

k^ -     - — 
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Three such pairings are presented during a 10-minute interval of heart rate rais- 

ing, heart rate lowering, or rest, as well as with or without the added concurrent 

vigilance task performance. 

As in previous reports, the investigators showed that the subjects were able 

to autoregulate their heart rate. Autoregulated heart rate increases for the 

group averaged 13 beats per minute (bpm) while heart rate decreases averaged 3 bpm, 

with a range of frcm 47 bpm increases to 14 bpm decreases. As in the past, the 

investigators have found that it is easier for the subjects to maintain a larger 

heart rate increase than heart rate decreases. The 11 female and 29 male subjects 

in this study were mostly medical and graduate students with a mean age of 23.1 

years. A 5-day training period was used. Eight subjects were selected from this 

sample of 40 subjects for more intensive analyses of the interactions between 

heart rate autoregulation, concurrent performance, and stress conditions. These 8 

subjects showed a baseline heart rate of 76.5 bpm with a mean autoregulated 

increase to 85.7 bpm and autoregulated heart rate decreases to 74.6 bpm. The 

highest performance scores (80% correct) were obtained during periods of heart 

rate raising, while rest intervals with nj heart rate regulation showed slightly 

lover scores (78i correct), and the scores during heart rate lowering fell to 

their lowest vTue, i.e. 65%. The reaction times to correct responses during 

heart rate lowering were clearly the longest, while those during heart rate rais- 

ing were the shortest and reaction times in the absence of heart rate control fell 

at an intermediate value. When the clicker-shock pairings were imposed on the 

t-'iSK (i.e., there were three 1-minute clickers presented in a 10-minute segment), 

there was a characteristic reduction in baseline heart rate and also a reduction 

in the subject's ability to autoregulate heart rate increases. Autoregulation of 

heart rate decreases, however, were markedly enhanced by the suppressed effect of 

the superimposed clicker-shock pairings. The heart rate suppression related to 

the stress elicited by the clicker-shock pairing procedure is consistent with 
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previously reported findings. The effects of the stress upon the interaction 

between heart rate autoregulation and concurrent vigilance task performance 

resulted in the elimination of the subject's ability to produce heart rate 

decreases and the self-regulated heart rate increase effects decreased to about 7 

bpm. A clear interaction between concurrent performance, heart rate autoregula- 

tion, and stress was clearly present. During this phase, concurrent performance 

scores (i.e., percent correct) fell to 73% during rest intervals, and to a low of 

60% during periods requiring heart rate decreases. During heart rate inertase 

periods, however, the control (i.e., without stress) performance score of 78% was 

maintained despite the presence of ongoing clicker-shock stress procedures. 

Of all of the conditions, the performance was lowest during the clicker pre- 

sentations  During periods of heart rate raiding, these decrements were essenti- 

ally eliminated, while during heart rate lowering even greater response decrements 

were produced. The investigators felt that the counteraction by heart rate rais- 

ing of the performance decrement shown during clicker-shock pairings was a clear 

indication of the potential for autonomic self-regulation to provide an effective 

technique for the prevention of performance decrement that derived from the 

«nvironmental behavior stress conditions. The investigators, however, indicate 

that the results must be amplified and reconfirmed, and the proposed research plan 

for the next budget period provides for such amplification and reverificati^n. 

While the above results by Drs. Harris and Stephens are suggestive, the differ- 

ences between the resting heart rate increases and heart rate decrease sessions 

are relatively small. 

As a part of the research during the next year to further investigate whether 

self-regulation can prevent some of the performance decrement associated with 

environmental stress conditions, the Alluisi Test Battery will be incorporated as 

one of the performance tasks, and an evaluation of the interaction between heart 

rate autoregulation and performance under controlled stress conditions will be 
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provided by continuous progranming 24 hours per day. 

Gary Schwartz. This is the first year that Dr. Schwartz has been a part of 

the ARPA Self-Regulation Program, his study is broadly concerned with the possi- 

bility of enhancing p?rformance by (1) training subjects to control relevant 

patterns of physiological activity through feedback and reward, and (2) to teach 

subjects to integrate or coordinate the physiological activity with overt behavior 

by giving feedback and reward for relevant physiological-performance patterns. 

During this first year, the subcontractor planned to develop Oii-line computer 

facilities for defining, tracking, and shaping patterns of responses. The spe- 

cific patterns were to include blood pressure, heart rate, blood volume, respira- 

tion, skin potential, alpha activity, reaction times, and a visual T-scope recog- 

nition problem. Depending upon the specific research question, the patterns of 

regulated physiological variables would vary. Due to uncontrollable administra- 

tive delays in initiating the contract and the failure of the computer manufac- 

turer to maintain delivery dates, Dr, Schwartz was unable to achieve the goals 

outlined for the first year of his contract. 

During the second year of his contract. Dr. Schwartz hopes to be able to com- 

plete the research outlined to be done in the first year and to train subjects in 

the control of arousal patterns. It was strongly recommended by the Advisory 

Panel that Dr. Schwartz collaborate with Dr. Ben Morgan of the University of 

Louisville. The exact nature of this collaboration is to be spelled out in a 

revised research proposal to be submitted jointly by Dr. Schwartz and Dr. Morgan. 

Leo DiCara. During the past year. Dr. DiCara has been primarily concerned 

with training of subjects to alter blood pressure responses. Whi]e he has 

reported some progress with respect to self-regulation of blood pressure, the 

changes are quite small, being in the range of 3 to 4 mmHg. Dr. DiCara feels that 

a primary reason for this small success was due to the fact that his subjects were 

bored. Attempts to remedy this by installing a money clock so that each subject 
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couid see how much mor.ey he was making was not successful. Based on the reports 

by some subjects that they felt their hearts beating and could tell when their 

heart rate and blood pressure would change. Dr. DiCara is currently exploring the 

possibility of special visual perception training which may enhance the subject's 

ability to learn blood pressure responses. For example, a subject's blood pres- 

sure is recorded on a beat-to-beat basis. Whenever the subject's blood pressure 

increase? above an arbitrary baseline, this is signaled by a "high" tone. Simi- 

larly, decreases are signaled by a "low" tone. By imposing a slight dela/ in the 

presentation of these tones, subjects are instructed to try and anticipate ear!, 

tone by moving a lever up for the "high" and down for the "low" onvS. These 

experimental subjects are contrasted with the control group of subjects who 

receive randomly-chosen tones; i.e., high or low tones independent of actual 

changes to blood pressure. Preliminary results indicate that subjects probably 

can be trained to anticipate their blood pressure. 

Dr. DiCara has studied whether subjects who were trained in transcendental 

medication would prove to be better self-regulators than those not so trained. 

Thus far, the results indicate that training in transcendental meditation has no 

effect on subsequent ability to learn heart rate responses. In fact, the degree 

of heart rate response obtained is discouragingly low. Dr. DiCara will attempt to 

see if there is any difference in ability to regulate blood pressure between those 

trained in meditation and those not so trained. 

Dr. DiCara feels that his results to date indicate that it does not appear 

possible to obtain learned blood pressure changes of sufficient magnitude to be 

physiologically relevant. He doubts that it would ever be possible to achieve 

such large changes in human subjects. Based upon these discouraging findings and 

the indication that blood pressure changes will require more basic research than 

originally anticipated, it la not felt feasible to continue with this line of 

inquiry as a part of the current Self-Regulation Program. 
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SOMATIC ACTIVITY 

The major work In this area is being done by Johann Stoyva and Tom Budzynski, 

University of Colorado. The main focus of this year's work has been to utilize 

the training sequence developed earlier in the project to examine the effects of 

relaxation training (low arousal) on the ability to perform various tasks. These 

tasks are of two types:  "'"* those which involve complex decision-making, and 

(2) those of a simpler, sensory-motor type. Both performance under stress and in 

the recovery phase after a stress episode are being examined. Specifically, the 

tasks are as follows: 

(1) Complex Decision-Task under Stress 

Here the subject is presented with visual slides of I.Q. type problems 

(Cattell Culture-Fair Test) in which the subject must infer the missing figure in 

a series of geometric figures. While engaged in this task, subject hears loud 

distracting noises over his headphones and, at arbitrary intervals, a colored 

slide of a gory and disturbing automobile accident is presented instead of the 

usual I.Q. type slide. The objective is to determine whether subjects trained in 

moderating their arousal levels by means of a cultivated ability at muscle relaxa- 

tion will perform better (make more correct decisions) than subjects who lack such 

training. 

(2) Simpler Tasks 

Since various tasks may be differently affected by relaxation training, 

Drs. Stoyva and Budzynski decided to explore performance on some simpler tasks in 

addition to the above complex decision-task. 

(a) Maintaining a Pre-Sleep Condition under Aversive Auditory Stimulation, 

A central emphasis of their first two years' work was to assist subjects in reach- 

ing a sleep-onset condition. At last year's meeting, Drs. Stoyva and Budzynski 

reported that with a phased training program (JMG  training, followed by theta 

training), normal subjects reliably learned to increase theta above baseline 
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levels; i.e., to produce a sleep-onset condition. A 1 gical extension of this 

experiment-which they proposed in their original year 1 application-was to deter- 

mine whether subjects with systematic training in maintaining theta rhythms will 

be better able to maintain theta under aversive auditory stimulation than will sub- 

jects without theta training. This task is applicable to a situation in which the 

individual is attempting to rest or sleep under noisy and distracting conditions, 

(b) Hand Steadiness Task. Here the task is to hold a stylus as steadily 

as possible. The subject attempts to hold a metal stylus within a 5mm. diameter 

hole without touching the edges of the hole. The sequence of events for this test 

is as follows: first, the subject firmly squeezes a hand dynamometer for 3 

seconds; next, he deeply relaxes for 30 seconds; finally, he performs the steadi- 

ness task for 20 seconds. Trained subjects (with relaxation training) are being 

'  compared with untrained ones. 

(c) Subtracting Serial Sevens. Here the individual counts backward by 

sevens, beginning at a figure of 800. The task lasts 1 minute, and generally 

serves to arouse the individual. Subjects instructions are to shift back to a 

thoroughly relaxed condition as quickly as possible after performing this task. 

Are trained subjects better at shifting to a low arousal condition after exposure 

to this brief-duration stress? This observation would bear on the question of 

recovery after stress-induced heightened arousal. 

Performance of both experimental and control subjects is being assessed on 

each of the above four tasks, both before and after training. 

Comparisons of Main Interest 

(1) On the complex decision-task (inferring the missing part of a pattern 

series), do trained subjects show faster recovery of performance after a brief 

stress period than do untrained subjects? (Both groups f.re given 2 minutes to 

relax between the stress episod3 and the immediately ensuing complex -decision 

slides.) 
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(2) Are theta trained subjects better at maintaining a pre-sleep condition 

under aversive noise stimulation than subjects not so trained? 

(3) Are trained subjects better at maintaining hand steadiness? (Subject 

tenses hand dynamometer, relaxes, then does steadiness task.) 

(4) After subtracting serial sevens for 1 minute (a mild Stressor), can 

trained subjects shift back to a relaxed condition more quickly? 

During the next year of this program, Drs. Stoyva and Budzynski will complete 

the research began in their laboratory on the effects of muscle relaxation on 

performance and maintenance of low levels of arousal under aversive auditory stim- 

ulation. In addition, a collaborative research with the Air Force Academy is 

being planned. Majors Chason and Tebbs of the Air Force Academy and Drs. Stoyva 

and Budzynski are to submit a research protocol detailing the collaborative 

research program. 

PAIN 

The work in this area is being done by Dr. Ronald Melzack, McGill University. 

During the past year. Dr. Campbell Perry has joined the project. Dr. Perry is an 

Associate Processor of Psychology at St. George Williams University in Montreal 

and has worked in the field of hypnosis for the last 12 years. The strategies of 

Drs. Melzack and Perry have been to utilize a combination of alpha feedback, 

hypnotic suggestion, and relaxation as techniques for relieving pain in one group 

of subjects. The exact details of their procedures have been outlined in previous 

prepress reports. Other groups are being tested to determine the relative contri- 

butions of alpha, hypnotic suggestion, and relaxation for the relief of pain. To 

date, 25 subjects suffering from chronic pain have been tested. Initially, the 

clinical patients were selected from a population that suffered severe chronic 

back pain or arthritic pain for several years and had persistent pain despite dis- 

surgery, neurosurgical work on cord sections, psychiatric help, or one or more 

standard physiotherapeutic methods. During recent months, they have extended the 
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range of clinical patients to include peripheral nerve injuries, phantom limb pain, 

headache, rectal pain, and chest pain. 

The basic procedure to achieve the self-regulation of pain includes baseline 

recordings, followed by hypnotic instructions, then instructions for alpha train- 

ing, alpha feedback training, "wake-up" irstructions, and then post-baseline 

recordings followed by practice with alpha "on" and alpha "off" sessions. The 

subject is told that he will hear music when he produces alpha, and his aim should 

be to produce as much alpha and thus music feedback as he can. The music feedback 

consists of the Bach flute music which has been rearranged with a slight jazz beat. 

They feel that the use of this feedback has been particularly effective in this 

patient pilot sample. All patients now receive cassettes of the music and are 

told to use them to facilitate development of an "alpha state" between training 

sessions. 

In addition to the subjects tested with the above combination of the alpha 

and hypnotic basic procedures, Drs. Melzack and Perry have begun to test subjects 

with parcellated procedures in order to determine the relative contributions of 

the hypnotic procedures and the alpha training in the control of pain. Basically, 

the study is designed with four major groups, each receiving the following condi- 

tions:  (1) hypnotic procedure plus alpha feedback, (2) hypnotic procedure alone. 

(3) alpha feedback training alone, and (4) an alpha feedback control group that 

will receive non-alpha contingent feedback such as beta feedback. 

Of the 25 patients tested, 15 completed a sufficient number of training 

sessions utilizing the hypnotic procedure plus alpha feedback to provide reliable 

pain questionnaires in alpha data. On the pain questionnaire, these subjects 

showed a significant decrease on the pain intensity scale during training. The 

mean percent decreases were 5% during baseline sessions, 44% during the last two 

training sessions, and 32% during the practice sessions. The data also show that 

both the sensory and affective dimensions of pain are diminished by the training. 
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The three patients who stopped after six or eight sessions without completing the 

entire course of treatment and who felt the training was not helping them were 

workmens compensation cases. 

Many of the subjects took large quantities of analgesic drugs. On their own 

initiative, three of these subjects decreased their drug intake by 30% and one by 

S0\.    Two of these claimed that they had decreased their drug intake but could not 

provide a definite figure. Three subjects claimed no change in drug intake. 

Seven of the 15 subjects felt that the duration of the relief from pain outlasted 

each training session by one to four hours, and three subjects felt that the pain 

relief lasted 15 to 30 minutes beyond the training session. There were also indi- 

cations from some of the patients that they slept better, were visibly happy, and 

went to parties and met friends which they had not done for years. The number of 

patients available for comparison of practice sessions after completion of train- 

ing with pre-training baselines are too small at this time to provide reliable 

data. Four of seven subjects available, however, received 33% or greater relief 

of pain during the practice sessions. 

While Dr. Melzack feels the results to date are encouraging, he is as yet 

unable to state the relative contribution alpha training and hypnotic suggestion 

makes to the decrease in pain intensity. The studies outlined for the next year, 

in which comparisons will be made of patient groups who receive only hypnotic sug- 

gestion or only alpha training or beta training, will perhaps provide some of the 

answers. It is also hoped that follow-up data will be available on the subjects 

treated to date to determine the lasting quality of the self-regulation training 

procedures. 

VASOM0T0R ACTIVITY 

The principal investigator is Dr. Edward Taub, Institute for Behavioral 

Research. During the 2-3/4 years since the initiation of this contract, Dr. Taub 

has developed techniques for enabling most human subjects to establish rapid 
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operant control of their own skin temperature when provided with immediate feed- 

back information concerning variations in local skin temperature. Nineteen of his 

last 20 consecutive subjects have been able to learn self-regulatory control of 

this parameter. Training to a level of unequivocal acquisition rarely required 

more than 15-minute training periods. After that time, the mean change for 15- 

minute sessions for all subjects was approximately 2.50F., ranging up to 6.50F. 

Subjects selected for additional training routinely displayed ranges of 8 to 15° 

within 15 minutes. Retention of this task has been found to be virtually perfect 

over an interval of 4 to 5 months in four cases.  It was also found that after 

sufficient training, self-regulation of skin temperature was *s  good without feed- 

back as with feedback. Subjects vcre also found capable of maintaining a selt- 

regulated temperature response for periods of up to one hour, which is the longest 

interval that Dr. Taub has used in his testing. Early in training, the tempera- 

ture response tended to be anatomically diffuse with considerable covariation by 

the contralateral untrained hand. As mastery increased, the response became more 

and more localized to the trained portior of the body and eventually developed 

considerable anatomical localization. However, the localized response can be made 

to generalize easily to include the whole hand. 

Dr. Taub is currently testing a device which will enable learning the con- 

tinued performance of a generalized response throughout training. He is also 

currently constructing a scale derived from WPI to predict ability to self-regu- 

late temperature. The reliability of Dr. Taub's training procedure has reached 

the point where the self-regulation of skin temperature is now to be tested in the 

Army Research Institute of Environmental Medicine laboratory. The self-regulation 

of v&somotor activity is the first of the self-regulation procedures which has 

advanced to the point where field testing appears feasible. In his own laboratory. 

Dr. Taub next year will focus his attention on another part of the program out- 

lined in his original proposal; i.e., the reduction of post-traumatic edema.  It 
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is expected that this work will be completed during the next year and this will be 

the final ontract year for Dr. Taub. 

SLEEP INDUCTION AND ASSESSMENT OF THE EFFICIENCY OF SLEEP 

The principal investigators for this research are W. B. Webb and H. W. Agnew, 

Jr. The work proposed in their original contract was completed last year and a 

terminal progress report was submitted. Their statement of work included three 

experiments. 

Experiment 1. This proje(t concerned an investigation of the contention that 

a 7-1/2 to 8-hour sleep period is a necessary requirement for the maintenance of 

efficient pe-formance. Male subjects were to maintain a sleep schedule of 5-1/2 

hours a night for a period of two months. Sleep and performance measures were to 

be obtained. 

Experiment 2. This project investigated whether sleep deprivation Lel 21 or 

whether activities during the wakeful period are the primary determinants of sleep 

deprivation effects. The experiment was to compare heavy exercise during sleep 

deprivation with bed rest. 

Experiment 3. This project was concerned with the systematic introduction 

and manipulation of redundant stimuli as they affect the sleep response. The role 

of pure physical stimuli (light, sound) on sleep was to be investigateo. It was 

additionally proposed that if these stimuli did affect the sleep response, then 

hardware would be developed to control the physical stimulus. 

During the course of the three years, all three projects were completed. 

Experiment 1. Sixteen roommate pairs were selected for a 60-day study. 

After obtaining baseline EEC and performance measures cm one week, the subjects 

began sleeping 5-1/2 hours each night. Weekly recordings were made on the EEG and 

performance measures. Fifteen of the 16 subjects completed the full 60 days of 

the study. The principal effects of the regime on sleep were an increase in stage 

4 amount and a reduction of the time spent sleeping in the PEM stage. Only the 
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Wilkinson Vigilance test showed a drop in performance. Overall, the findings of 

the study would imply that chronic loss of 2 to 2-1/2 hours sleep a night is not 

likely to result in major behavioral problems. 

Experiment 2. Eight young adult males served as subjects for this experiment. 

During the first week of the study, baseline EEG and performance measures were 

obtained. In the second week, 'he subjects were sleep-deprived for two nights 

while doing hetvy work on a stationary exercise bicycle. The third week, subjects 

were sleep-deprived while resting in bed. Two nights of recovery sleep followed 

each deprivation period. 

The two experimental conditions did not produce differential effects on the 

recovery sleep night. Further, while the performance measures were generally sen- 

sitive to the sleep deprivation, these tests did not differentiate the exercise 

condition from bed rest. 

These data yield some practical conclusions: In operational settings, where 

sleep loss occurs, it is unlikely that performance decrements can be offset by 

simply having personnel reduce their activity level. Performance decrements are 

just as high with a low level of activity as they are with a high level. In the 

control of the effects of more limited insomnia, it would appear that instructing 

the person to "lie there and rest" is more reassuring than effective in reducing 

performance decrements. 

Experiment 3. This work consisted of a series of exploratory studies to 

determine if redundant stimuli affected the sleep response. 

First, a review of the literature was made to determine if deafferentation 

and inhibition can evoke a sleep response. The deafferentation studies reviewed 

considered brain mechanisms, sleep through relaxation techniques, special effects 

of monotony, and auditory evoked responses. Related areas of vigilance and sen- 

sory deprivation were also reviewed. The literature suggests monotonous stimuli 

can evoke brief episodic sleep which alternates with wakefulness. More extended 
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sJftep may be induced when the subject feels the need for a distracting stimulus to 

eliminate introspection. 

An experiaental series was conducted on 40 young adult malrs to examine the 

influence of repeated tones on the latency of sleep onset. The conditions used 

were:  (1) silence, (2) monotonous sound, (3) low-level tones, (4) low-level tones 

plus counting, (5) low-level tones plus eye opening, and (6) silence with sleep 

deprivation. The subjects were allowed 30 minutes to fall asleep. 

The results of this study showed that no method of stimulus control was spec- 

tacularly successful when compared with a night of sleep deprivation. There was 

some evidence that tones plus counting produced an efficient sleep response but 

the results were not striking. This line of investigation was abandoned. 

The work, however, concerned specifically with sleep onset resulted in con- 

siderable clarification of the criteria for measuring and scoring sleep onset. 
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PUBLICATIONS, PAPERS SUBMITTED, AND PAPERS READ 

AT SCIENTIFIC MEETINGS 

Agnew, H. W., Jr., § Webb, W. B. Measurement of sleep onset by EEC criteria. 
American Journal of EEC Technology, 1972, 12_, 127-134. 

Beatty, J., § Kornfeld, C. Relative independence of conditioned EEC changes 
from cardiac and respiratory activity. Physiology and Behavior, 1972, 9, 
733-736. 

Beatty, J. Similar effects of feedback signals and instructional information on 
EEC activity. Physiology and Behavior, 1972, 9, 151-154. 

Beatty, J. Aversive control of EEC activity, 
the Psychonomic Society, Fall, 1972. 

Paper presented at the Meeting of 

Brady, J. V. Psychophysiological syndromes resulting from overly-rigid environ- 
mental control: Concurrent and contingent animal models. Paper presented at 
Symposium on the Experimental Behavior Basis of Mental Disturbance, Galway, 
Ireland, April 1972. 

Brady, J. V., Anderson, D. E., Harris, A. H., 5 Stephens, J. H. The effect of 
classical and instrumental conditioning upon blood pressure and heart rate in 
mongrel, monkey, and man. Paper presented at Pavlovian Society, Oslo, Norway, 
1972. 

Brady, J. V., Harris, A. H., § Anderson, D. E. Behavior and the cardiovascular 
system in experimental animals. In A. Zanchetti (Ed.), Proceedings of the 
International Symposium on Neural and Psychological Mechanisms in Cardiovas- 
cular Disease. Milan, lT~Ponte, 1972. 

Brady, J V., Anderson, D. E., Harris, A. H., 5 Stephens, J. The effects of 
classical and instrumental conditioning upon blood pressure and heart rate in 
mongrel, monkey, and man. Conditional Reflex, in press. 

Brady, J. V., fi Harris, A. H. The experimental production of altered physiologi- 
cal states: Concurrent and contingent behavioral models. In W. Honig S 
J. E. R. Staddon (Eds.), Operant Behavior, Vol. 2. New York: Appleton- 
Century-Crofts, in press. 

Girton, D. G., S Kamiya, J. 
artifacts from the EEC. 
1973, 34, 212-216. 

A simple on-line technique for removing eye movement 
Electroencephalography and Clinical Neurophysiology, 

Harris, A. H. Conditioning of blood pressure and heart rate. Paper presented at 
meeting of American Psychological Association, Honolulu, Hawaii, 1972. 

Harris, A. H., Findley, J. D., 4 Brady, J. V. Instrumental conditioning of blood 
pressure elevations in the baboon. In T. X. Barber, L. V. DiCara, J. Kamiya, 
N. E. Miller, D. Shapiro, 5 J. Stoyva (Eds.), Biofeedback and Self-Control. 
Chicago: Aldine-Atherton, 1972. 
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PUBLICATIONS, ETC. (continued) 

Harris, A., Brady, J. V., Findley, J. D., S Gilliam, W. Instrumentul condition- 
ing of large magnitude daily 12-hour blood pressure elevations in the baboon. 
Science (submitted). 

Webb, W. B., S Agnew, H. W., Jr. The effects of a chronic limitation of sleep 
length,  (submitted) 
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Appendix 1 

LIST OF SUBCONTRACTORS 

Jackson Beatty, Ph.D. 
Department of Psychology 
University of California, Los Angeles 
Los Angeles, California 90024 

Alan H. Harris, Ph.D. 
Division of Behavioral Biology 
Johns Hopkins University School of Medicine 
The Traylor Building 
720 Rutland Avenue 
Baltimore, Maryland 21205 

Joe Kamiya, Ph.D. 
Langley Porter Neuropsychiatric Institute 
401 Parnassus Avenue 
San Francisco, California 94122 

Martin T. Ome, M.D., Ph.D. 
Unit for Experimental Psychiatry 
Institute of Pennsylvania Hospital 
111 North 49th Street 
Philadelphia, Pennsylvania 19139 

Johann Stoyva, Ph.D. 
University of Colorado Medical Center 
Box 2621 
4200 E. Nintu Avenue 
Denver, Colorado 80220 

Edward Taub, Ph.D. 
Institute for Behavioral Research Inc. 
2429 Linden Lane 
Silver Spring, Maryland 20910 

Wilse B. Webb, Ph.D. 
Department of Psychology 
University of Florida 
Gainesville, Florida 32601 

Ronald Melzack, Ph.D. 
Department of Psychology 
P. 0. Box 6070 
McGill University 
Montreal 101, Quebec, Canada 

Leo V. DiCara, Ph.D. 
Department of Psychiatry 
University of Michigan 
Ann Arbor, Michigan 48104 

Gary C. Galbraith, Ph.D. 
Department of Psychology 
University of Southern California 
University Park 
Los Angeles, California 90007 

Jan Berkhout, Ph.D., and 
Donald 0. Walter, Ph.D. 
Brain Research Institute 
The Center for the Health Sciences 
University of California, Los Angeles 
Los Angeles, California 90024 

Gary E. Schwartz, Ph.D. 
Department of Social Relations 
Harvard Medical School 
1440 William James Han 
Cambridge, Massachusetts 02115 

James F. O'Hanlon Jr., Ph.D. 
Human Factors Res arch. Inc. 
Santa Barbara Research Park 
6780 Cortona Drive 
Goleta, California 93017 
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Appendix 2 

SYMPOSIUM PARTICIPANTS 

Earl A. Alluisi 
James Anliker 
Jackson Beatty 
Jan Berkhout 
A. H. Black 
Thomas Budzynski 
Lee Caldwell 
Enoch Callaway 
Lloyd R. Chason 
Craig fields 
Gary C. Galbraith 
Eugene E. Gloye 
Cordell Green 
Alan H. Harris 
David J. Hord 
John F. House 
Laverne C. Johnson 
LeeRoy G. Jones 
Joe Kamiya 
George H. Lawrence 
Ardie Lubin 
Peter E. Maxim 
Ronald Melzack 
Ben B. Morgan, Jr. 
Paul Naitoh 
James F. O'Hanlon 
Peter A. O'Mara 
Martin T. Ome 
David Paskewitz 
Campbell Perry 
Gary E. Schwartz 
Jimmy Scott 
David Shapiro 
Robtrt W. Smith 
Joseph Stephens 
Johann Stoyva 
Edward Taub 
R. B. Tebbs 
Gilbert C. Tolhurst 
Richard E. Townsend 
Donald P. Woodward 

University of Louisville 
Ames Research Center, Moffett Field, CA 
University of California, Los Angeles 
Brain Research Institute, University of California, Los Angeles 
McMaster University, Hamilton 
University of Colorado Medical Center, Denver 
Army Medical Research Laboratory, Fort Knox, KY 
Langley Porter Neuropsychiatric Institute, San Francisco 
Air Force Academy, Colorado Springs 
Harvard University 
University of Southern California 
Office of Naval Research, Pasadena Branch Office 
Stanford University 
Johns Hopkins University School of Medicine, Baltimore 
Navy Medical Neuropsychiatric Research Unit 
Navy Medical Neuropsychiatric Research Unit 
Navy Medical Neuropsychiatric Research Unit 
Army Research Institute of Environmental Medicine, Natick 
Langley Porter Neuropsychiatric Institute, San Francisco 
Defense Advanced Research Projects Agency 
Navy Medical Neuropsychiatric Research Unit 
Wright Patterson Air Force Base, Ohio 
McGill University, Montreal 
University of Louisville 
Navy Medical Neuropsychiatric Research Unit 
Human Factors Research, Inc., Santa Barbara Research Park 
Army Medical Research Laboratory, Fort Knox, KY 
Institute of Pennsylvania Hospital, Philadelphia 
Institute of Pennsylvania Hospital, Pi.iladelphia 
St. George Williams University, Montreal 
Harvard Medical School 
Langley Porter Neuropsychiatric Institute, San Francisco 
Harvard Medical School 
American Institutes for Research, Coral Gables 
Johns Hopkins University School of Medicine, Baltimore 
University of Colorado Medical Center, Denver 
Institute for Behavioral Research, Inc., Silver Spring, MD 
Air Force Academy, Colorado Springs 
University of Massachusetts, Amherst 
Mavy Medical Neuropsychiatric Research Unit 
Office of Naval Research, Arlington 
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SCHEDULE 

THIRD ANNUAL ARPA SELF-REGULATION SYMPOSilW 
JUNE 1  J,   1973 

TRAVELODGE, 1960 HARBOR ISLAND DRIVE, SAN DIEGO 

Friday, June 1 - Mediterranean Room 

8:30 - General comments and administrative report 

George Lawrence 
Don Woodward 

Verne Johnson 
Mike Lewis 

Mimi Dvorak 
Dale Owen 

9:00 - Dave Hord § Dick Townsend 

9:45 - Coffee break 

10:15 - Martin Ome 

11:00 - Joe Kamiya 

11:45 - Jack Beatty a Jim O'Hanlon 

12:30 - Lunch 

2:00 - Jan Berkhout 

2:45 - Gary Galbraith 

3:30 - Coffee - Coke break 

4:00 - Johann Stoyva S Tom Budzynski 

8:30 - 10:30 PM    Alpha Feedback... Enough is enough? 

Enoch Callaway (Chairman) 

Position Statements:  (10-15 mins. each) 

Joe Kamiya 
Martin Ome 

Jack Beatty 
George Lawrence 

An informal discussion on past, present, and future 
of alpha feedback. 

Saturday, June 2 - Mediterranean Room 

9:00 - Ron Melzack 

9:45 - Coffee break 

10:15 - Ed Taub 

11:00 - Leo DiCara (did not appear) 

11:45 - Alan Harris 6 Joe Stephens 

12:30 - Lunch 

2:00 - Craig Fields 

2:45 - Gary Schwartz 

3:30 - Coffee - Coke break 

4:00 - General discussion - Earl Alluisi (Discussant and Chairman) 

Sunday, June 3 - Mediterranean Room 

8:00 - 12:00   ARPA Review Panel breakfast meeting 
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